Background/Aim: To analyze the internal morphology of mandibular incisors with two root canals using cone-beam computed tomography (CBCT
Introduction
A comprehensive understanding of the complexity of the root canal system for each tooth type is fundamental to successful endodontic treatment. Mandibular incisors typically present with one root and one canal, although the variant of two root canals is also mentioned in the literature. The first study to investigate mandibular incisors with two root canals, by Rankine-Wilson & Henry 1 roentgenographically examined 111 specimens and concluded that 40.5% of them showed canal bifurcation. This study was followed by numerous ex-vivo and in-vivo studies analyzing this morphologic variation, with prevalences ranging from 4.0-67.5% and 10.6-63.0% for the central and lateral mandibular incisors respectively 2, 3 (Table 1 ). The wide range noted in the literature could be attributed to different methods of investigations, differences in the sample size and donor ethnicity.
Early studies investigating the internal morphology of mandibular incisors employed radiography, sectioning, modeling and clearing techniques [4] [5] [6] , while most recent studies employ computed tomography techniques. Conebeam computed tomography (CBCT) is a technique that has been used in numerous in vivo morphologic studies as a modality providing three-dimensional (3D) anatomical information on teeth 7, 8 . I  II  III  IV  V  VI VII VIII   Vertucci 10 , 1974  Clearing  (ex vivo)   100  central 70  5  22  3  -----30  100  lateral 75  5  18  2  -----25  Kartal & Yanikoglu 6 ,  1992   Clearing  (ex vivo)  100  incisors 55  16  20  4  3  ---2  45 Caliskan et al 11 The majority of the studies mentioned in the extant literature focus on the number of root canals, without providing sufficient complementary information regarding the root canal path. The aim of the present study was to employ CBCT to evaluate the internal morphology of mandibular incisors with two root canals in detail by recording the exact point of bifurcation and fusion of the root canals.
The Bifurcation and Fusion distances were measured as follows. Each scan comprised 501 axial sections numbered on the upper left corner. Individual images were acquired at 0.1 mm intervals (voxel resolution, 0.1 mm). The Bifurcation distance for each tooth was calculated by subtracting the numbers of axial images of the CEJ and bifurcation point and multiplying the result by 0.1 mm. The same procedure was followed for the Fusion distance, by subtracting the numbers of axial images of the canal fusion and the main apical foramen and multiplying the result by 0.1 mm.
Three-dimensional models of the external and internal morphology of the teeth were reconstructed using OsiriX lite (Pixmeo SARL, Bernex, Switzerland) for visualization of the diverse canal configurations of the samples.
Results
Out of 143 central and 146 lateral mandibular incisors, 41 (28.7%) and 44 (30.1%) teeth respectively showed a second root canal in the lingual aspect of the root when radiographed in the mesio distal direction and these were then scanned using CBCT.
Material and Methods
This study was approved by the research committee of the Aristotle University of Thessaloniki, Greece (protocol no. 27/03-02-2016). The sample initially comprised 289 (143 central and 146 lateral) mandibular incisors collected from the Department of Dentoalveolar Surgery, Implantology and Radiology of the School of Dentistry, Aristotle University of Thessaloniki, Greece and dental clinics of Thessaloniki. Data regarding the donor age, sex, or race were not recorded. Teeth without fully formed apices as well as those with root cracks or resorption, endodontic treatment, or crown loss were excluded from the sample. The teeth were stored in 0.1% thymol, rinsed with normal saline, and dried. Contact radiographs were obtained from the facial lingual aspect and mesial distal direction of the samples.
The specimens presenting a second root canal were placed on low-density bases (sponges) in groups of four and scanned using a high-resolution imaging protocol (voxel size, 0.1 mm) with a CBCT scanner (Newtom VGI EVO, QR Verona, Verona, Italy;110 kVp; 3.00 mA; exposure time 4.3 s). Image acquisition was performed in accordance with standardized procedures by a trained radiology technician. The acquired volumetric data were analyzed in the axial, coronal, and sagittal planes using the proprietary software supplied with the CBCT scanner to determine specific morphological features of the included teeth.
The following parameters were evaluated by analysis of axial images of the teeth:
• Root canal type according to Vertucci's classification 9 ( Figure 1 ), • Bifurcation distance; recorded from the most apical part of the cementoenamel junction (CEJ) to the canal bifurcation, • Fusion distance; recorded from the canal fusion to the main apical foramen in samples where the root canals rejoined after the initial bifurcation. Table 2 .
Incidence of different root canal morphologies of permanent mandibular incisors

Mandibular incisors
Teeth with 2 r.c. representations of anatomic structures. It is a non-invasive technique providing large amounts of information in the form of axial, sagittal and coronal sections 14 . In order to accurately evaluate the anatomic aspects examined, the specimens were scanned using a high-resolution protocol that allowed the observation of morphological details such as lateral root canals of minor diameter, isthmi, intracanal ramifications and apical deltas. However, these small anatomic details have not been included in the results of the present study, as they could be examined more accurately with micro computed tomography (μCT) providing even higher resolution and image quality 15 . The majority of both central and lateral mandibular incisors with two root canals belonged to Type III, with no specimens belonging in Type IV, something also remarked by other studies 4, 5, 11, 12, [15] [16] [17] [18] . Mandibular incisors have been shown to have complex canal configurations transcending Vertucci's classification 2, 3, 6, 11, [15] [16] [17] 19 . Those variations could be attributed to the great deal of istmi, dentin islands and intracanal ramifications of these teeth 3 . In the present study, Type 1-2-1-2-1 was identified in 5.9% of central and 7.3% of lateral mandibular incisors with two root canals. This canal configuration was also recorded by Leoni et al. 15 in 4% of central and 2% of lateral mandibular incisors.
According to the mean values of the Bifurcation distance, the canal bifurcation usually occurs at the transition from the coronal to the middle third of the root. The range of the measurements indicates that bifurcation could occur even at 6.4 mm from the CEJ. Such cases require special attention to detect the existence of the lingual canal. The results of the present study are in accordance with other studies which performed similar measurements regarding the bifurcation point 19, 20 . On the other hand, the Fusion distance of the teeth belonging to Type III has not been recorded so far in the literature. While the canal fusion would normally be expected to occur apically, the present findings indicate that it usually occurs at the middle third of the roots, and the existence of outliers for this measurement indicates that it could occur even in the coronal third in rare cases.
Consequently, when dental clinicians have to perform root canal therapy on mandibular incisors, they should take into account that one in three mandibular incisors present with a second root canal lingually, and the possibility of any of the morphologic variations mentioned in the literature so far has to be considered.
Conclusions
Mandibular incisors with two root canals mainly present with Vertucci's Type III canal configuration. The canal bifurcation was identified mostly at the coronal and middle thirds of the root, while the canal fusion occurred in the middle third of the root. Table 2 presents the incidence of different root canal morphologies of mandibular incisors with two root canals. An additional root canal type (1-2-1-2-1) was found in 3 central and 2 lateral mandibular incisors (Figure 2) . Bifurcation distance: The distance of the CEJ to the root canal bifurcation was measured for 30 central and 34 lateral mandibular incisors, which belonged to Type III. Table 3 shows minimum, maximum, mean values and standard deviations.
Root canal type according to Vertucci's classification:
Fusion distance: The distance of the canal fusion to the main apical foramen was measured for 30 central and 34 lateral mandibular incisors which belonged to Type III. Table 3 shows minimum, maximum, mean values and standard deviations. 
Discussion
The frequency of bifurcated root canals in mandibular incisors has previously been investigated by many research groups. In the present paper 28.7% of central and 30.1% of the lateral mandibular incisors examined demonstrated two canals; something in accordance with other papers [10] [11] [12] [13] . The main aim of this study was, in addition to investigating the frequency of this morphologic variation, to analyze some anatomical features of these teeth with critical clinical implications.
For this purpose, the study employed CBCT, a diagnostic imaging modality providing high quality, 3D
